






aThoracic Endovascular Aortic Repair
Jacob DeLaRosa, MD, and Julio C. Vasquez, MDSince the introduction of aortic stent grafting for thetreatment of thoracic aortic aneurysms, thoracic endo-
ascular aortic repair (TEVAR) has gained rapid clinical
doption as a less invasive technique compared to open
urgical repair. Nevertheless, open thoracic aneurysm re-
air remains the gold standard for thoracic aneurysm
reatment but is associated with significant morbidity and
ortality resulting in relatively poor long-term survival
nd prolonged hospitalization.1 Compared with open re-
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recovery, and less perioperative morbidity and mortality.
Indications for treatment of thoracic aortic aneurysms
using TEVAR are based on the same criteria as open repair,
which include the size of the aneurysm, the growth rate,
and the presence of symptoms. In a recent expert consen-
sus document on the treatment of descending thoracic
aortic disease using endovascular stents, the authors con-
cluded that based on the accumulated knowledge to date
regarding the natural history of patients with descending
thoracic aortic aneurysms and contemporary open surgi-
cal operative risks, it is reasonable to recommend elective
operative intervention when the maximal orthogonal aor-
tic diameter exceeds 5.5 cm in an asymptomatic patient.2
This article demonstrates our technical approach to a de-
scending thoracic aneurysm using a TEVAR operative
technique.
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Figure 1 In preparing for a TEVAR procedure, the anatomical location of the aneurysm determines the technical steps
required. Precase planning is essential for a successful outcome. We follow the “PPPPP rule”: Prior planning prevents
poor performance. When the descending thoracic aortic aneurysm extends proximally, there is the potential for left
subclavian artery coverage and therefore consideration should be given to the creation of a left carotid to subclavian
artery bypass previous to TEVAR.When extensive coverage of the thoracic aorta is anticipated, prophylactic placement
of a cerebrospinal fluid drainage catheter should also be considered.When small femoral or iliac access arteries are seen
in preprocedure imaging studies, such as computed tomographic (CT) angiography in patients who have large-
diameter landing zones in the aorta, alternative access sites may be required, such as the iliac artery or abdominal aorta
through an open surgical retroperitoneal approach.
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Figure 2 A hybrid operating room provides state-of-the-art technology because it offers a high-definition radiographic
C-arm for imaging and a mobile table, in a sterile environment, with available general anesthesia and surgical instru-
ments for open procedures, if needed. The patient is positioned with groins, abdomen, and chest exposed. If brachial
artery exposure is planned, then the corresponding upper extremity is abducted and positioned on a side arm table.
Accidental trauma to the abducted arm by the C-arm must be avoided during the procedure.
It is helpful to have surgical assistants or scrub nurses on both sides of the patient to facilitate easy and prompt access
to wires and catheters from the right side of the patient and surgical equipment on the left side of the patient. Surgical
assistants on both sides of the table then can assist each other to manipulate the long stiff wires easier, which results in
faster procedures with fewer interruptions in between wire or catheter exchanges, and for less chance of wire contam-
ination. This advantage is even more evident when retroperitoneal exposure of iliac arteries is required.
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Figure 3 The left or right brachial artery is identified with ultrasound and accessed percutaneously with a micropunc-
ture kit, using the standard Seldinger technique (A). a.  artery.
Thoracic endovascular aortic repair 77Figure 3 (Continued) The artery can also be exposed using an open technique (B). Access is established with a standard
4-Fr sheath. A 0.035-in Bentson guide wire is then advanced from the brachial artery to the ascending aorta under
fluoroscopy. An angled glide catheter or Kumpe catheter can be used if needed to steer the Bentson guide wire into the
ascending aorta. In this manner, additional access to the ascending aorta is achieved. When the guide wire comes from the
left subclavian artery into the aorta, it makes an excellent landmark for the anatomical location of the origin of this artery and
facilitates precise delivery of the proximal edge of the endograft stent (C). It is also a safetymaneuver that offers the possibility
of delivering a stent to keeppatency of the proximal left subclavian artery, if its origin is inadvertently covered duringTEVAR.
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These topics are covered elsewhere in the section for large-bore access for TAVI/TEVAR in the article “Access Issues in Abdominal/Thoracic
Endovascular Aortic Repair and Transcatheter Aortic Valve Replacement” written by Drs. Rene BombienQuaden and Ali Khonezhad.
Intravascular Ultrasound
Figure 4 If there is a concern about the anatomy or the aortic diameter and this cannot be determined precisely using
fluoroscopy, then intravascular ultrasound (IVUS) can be used. A 9-Fr sheath is inserted over a Bentson guide wire, and
under fluoroscopic guidance an IVUS catheter is passed over the wire. The use of IVUS for thoracic procedures allows
the surgeon to interrogate the thoracic arch and potentially map out (on the fluoroscopic screen) the arch vessels
without the use of contrast.
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Figure 5 A pigtail catheter via the femoral or brachial/radial artery is used to perform an aortogram of the area of interest.
After the angiogram is performed, the proximal neck is evaluated. The length and the diameter of the proximal and
distal neck are measured using the preoperative CT scan, intraoperative IVUS, and angiogram. Based on these mea-
surements, the stent graft is chosen. The patient is heparinized to an activated clotting time of200 seconds. The stent
graft is flushed with heparinized solution and advanced into the proximal neck. A repeat angiogram is commonly
performed to reconfirm the positioning of the device within the aorta and the landing zone.
80 J. DeLaRosa and J.C. VasquezTEVAR Deployment
Figure 6 Prior to device deployment, different manufacturers of TEVAR devices recommend the induction of transient
cardiac arrest or a significant decrease in blood pressure to obtain precise deployment of the device, avoiding migration
secondary to forward arterial blood flow. If the patient is having a landing zone proximal to the left subclavian artery
(zone 2 and higher), adenosine (36 mg for the first dose, 18 mg for subsequent doses) may be administrated to gain a
4- to 5-second cardiac arrest. During deployment, another option is to place a transfemoral venous pacing wire, and
rapid pacing can be done to prevent ejection. The ventilator is stopped shortly for device deployment in intubated
patients to eliminate motion artifact. This is all variable with different devices.
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Figure 7 After the deployment, the stent graft is ballooned to decrease the possibility of endoleaks type I or III. We
routinely use a trilobe balloon, which allows partial forward arterial blood flow when the balloon is inflated. This
nonocclusive balloon design reducesmovement of the graft as this can happenwith the blood pressure pushing forward
in an inflated occlusive balloon, which can then displace the endograft stent distally. An IVUS interrogation of the entire
stent graft and surrounding aortic branches may be performed. This will detect any stent malapposition to the proximal
or distal landing zone that may lead to a type I endoleak. A completion angiogram is performed to confirm lack of gross
endoleak. However, a single aortogram may miss an endoleak because of a projection overlap. A biplane aortogram is
more reliable in excluding any significant intraprocedural endoleak.
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Figure 8 The distal pulses are checked to assure they correspond with the preoperative baseline. This maneuver is
important as embolic events to the lower extremities need to be realized and acted on immediately, if present. The
sterile endovascular wires/catheters may be disposed of at this time.
Thoracic endovascular aortic repair 83Follow-Up Computed TomographyConclusions
Design improvements in TEVAR continue to expand the in-
dications for thoracic aneurysms, and technological advance-
ments in the field of imaging facilitate safer and more accu-
rate planning and assessment of patients with this pathologic
condition. Open repair continues to be the gold standard, but
it is expected that TEVAR with state-of-the-art imaging tech-
nology for the cardiovascular team will continue to expand
its already widespread use and could potentially become the
new gold standard therapy.
TEVAR has reduced the mortality and morbidity for the
Figure 9 The patient will need to be followed up very c
should include delayed noncontrast images, is perform
thereafter, to evaluate for endoleak, migration, or devic
and the potential for postoperative issues requiring rein
informed consent.treatment of thoracic aneurysms. We are looking forward totechnological improvements that will increase the applicabil-
ity to more patients, especially those with difficult anatomy
and also for patients with other conditions, such as aortic
dissection. This will allow us to treat most of these patients
with minimally invasive approaches in the future.
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